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1. INTRODUCTION

Remotely sensed data have geometric charac[cristics  and representation which
depend on the type of the acquisition sys[cm  used. To eorrclatc such da[a over large regions
with other real world represcntatkm  tools like conventional maps or Geographic In formation
S ystcms (GIS) for verification purposes, or for further treatment within differcn[  da~a sets, a
corcgistration  has to bc performed. In addition to the geometric characteristics of the sensor
there arc (WO other dominating factors which affec( the geometry: the stabili(y  of the plat-
form and the topograph  y.There arc two basic approaches for a geometric correction on a pix -
cl-hy-pixel basis: (a) A parametric approach using the location of the airplane and inertial
navigation systcm data to simulale  the observation geometry and (b) a non-pafamctric
approach using {ic points or ground control points (Iucn and Meyer, 1993). It is WC1l  known
thal  the non-parametric approach is not reliable enough for the unstable flight conditions of
airborne systems, and is not satisfying in arcm with signitican[  topography, e.g. mountains
and hills. ‘Ihc present work dcscribcs  a parametric preprocessing proccdurc  which corrects
cffcc[s of flight line and attitude variation as WCII  as topographic intlucnccs and is described
in mm-c detail by Meyer (1993 c).

2. l\ASIS Olr 11111  STUDY

7P.!( si[e and image data.’  llc area “Zug-Bucchscrhorn”  is the standard test site of
the Remote Sensing I.abora[orics,  University of Zurich -lrchcl  in Central Swit~crland.  The
region was covcrcd  by the AVIRIS  flight  #910705, run 6 of the NASA MAC lirropc’91  cam-
paign providing a da[a swath with an average nominal pixel size of abou[ 18m.  The firsi
sccnc, Zug, rcprcscnLs a hilly area with highcs[ elevation diffcrcnccs  of about 600m and
slopes with typical angles bctwccn 15° and 60°. The second scene, Rigi, is an example of
mountainous terrain with elevation differences of about 1400m and maximum slope angles
up to 90°,

AVIRI,$ auxiliary dafa: ‘Jhe quality assessment for the actual data set is dcscribcd  in
detail in Meyer C( al. (1993b). The current work uscs the navigation data roll, pitch, and true
heading (gcncra[cd through the 13 R-2 Inertial Navigation System) and the roll  and pi(ch of
the AVIR1 S ins(rumcn(’s  precision gyros.

Digi[a/  elevation nwdel (DIiM): ‘1’hc [CS( area is covered by dw two digital models
(l)]  IM-25) Zug and Rigi generated by the Swiss l:cdcral Officc of ‘Ibpography””. They have
a rcsolotion  of 25m in i and j direction and of 0.10 m in elevation c wi[h an average error in
clcvalion of 2.2mi  I .Om for model Zug, and 4.4m+ 1.8111 for Rigi,

ADOUR conical radar tracking sysfem: ‘Ilc ground-based immobile tracking radar
system AlY31 IR is a dual antenna, dual frequency radar with a conirxdl  scan tracking systcm
opcmtcd  by the Swiss Air I;orcc (’l’homson-CSl;,  1987), l;or the current approach the tin-cc
parameters latitude x, Iongitudc  y, and altiludc  ? arc used, ‘1’hc systematic error for elevation

*Imw a(: Univcrsi(y  of  7mich-kchcl,  tkmotc Sensing l.atmratorics,  Wil]tcrttturers[  rassc  190,
Cl 1-80S7 Arrich
**l)}jM  ~a(a ~{]ur(csy:  Swiss I+dcral  Office. of ‘1’opography, JU]Y 05,  ] 993.
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ad azimuth is f 0.2nlrad  and f7m for distance with an update interval of 0.2 second.
Gourd reference ifrforrnatiow  A forest map was generated by scanning the green

(forest) plate of the Swiss Topographic Map, scale 1:25,000, cdi{ion  1987 at 50 pm with a
Optronics  5040 Scanner. “Il]c average cartographic accuracy is about 5.Onl. A shoreline map
was produecd by digitiy,ing  the same map in an ARC/info using a digitizing tablet, The aver-
age (theoretical) accuracy is t 8,0m.

‘3. . MIH’HOI)

l~igurc  1 gives an overview of the core tmk for the ncw method for gcocoding
AVIRIS data. The basic goal is to reconstruct for every pixel the geometric situation at the
time it was acquired with AVIRIS. This inchrdcs  three major aspects. The first considers the
flight  line and attitude of the ER-2 aircraft, the second reconstructs the current observation
geometry and the third treats the situation on the surface. This approach includes the three
different coordinate systems (c,r) for the raw file, longitude x, latitude y, and attitude 7

trrgclhcr  with roll O, pitch o, and true heading z for the observation geometry and (i,j, e,, ) for
the D13M.

Flight line and attitude of the ER-2 aircrafl: The x,y, and 7> of the aircraft needs to be
known as a first step. For the 1991 European flight the information results from an unaided
I:1TJ90-116 INS navigation system with a position accuracy of 0.9 nn]i/h (Pcrrin, 1993).
“1’lICSC data  arc not accurate enough for the current approach. ‘1’hcrcfore,  Al )OIJR data arc
used as an alteruativc.  The description of the attitude of the aircraft is based on the x from the
navigation data and the o and o from the instrument data.

Current observation geometry: lIc bmic  idea is shown in l:igurc  2 and described in
more detail by l-arson et al, (1994). Ile effor[ is to obtain the underlying surface out of the
well-known location (= flight line) and the current attitude of the aircraft. The position vector
x,, represents the location of pixel (c,r) in the aircraft coordinate systcm (x,Y,z) at the instant
the pixel was acquired by the instrument and for the ideal ease where o). 0. ~ .00:

( o )
x<, = “’axp- ‘P:]}zxy 1,{tan [(c--  * (1)

(
where C= pixel number of pi%l (c,r) within’line  r of the raw image, ~,~~~=maximunl  number
of pixels per line (614), Fov=Ficld  of View (in rad), and z., =al[itudc  of }iR-2 for the current x
and y. The pixelwisc calculation of the actual pointing direction includes correction of the
panoramic distortion. The vector x,, is modified by rotations about the ~), o, and x axis (vec-
tor x;’, I:igure  2). The transformed position vector x;, is computed m follows:

[1

1 -~ -$
x;’,  = ~ 1 -cd x<,. (2)

$01
t$i~ua~ion  on surface: llc topography carrscs a shift in the apparent pixel location, and

affccls the pixel sii’.e. The goal is now to find the intersection between the pixel location vector
x;; and the surface of the DEM. Whhin the neighborhood around the transformed pixel loca-
tion vector X;, a test vcct r x;, is searched for, which converges to x;:;.

[---1

i - iwd,,

x:, = i- ]Nadc, (3)
(z., -%,) ‘

where iMa,, =i-c ordi;ate  o‘ true nadir point, j...,,=”J-coordinate of true nadir point, e,, =clcva-
tion of the test point at position (i,j), and Z, ,=attitudc  of liR-2 for the current x and y.’]b allow
for a more precise selection of the corresponding surface point, the 1 YIM ovcrsamplcd  to a
grid sim of 61U is used. ’10 define the intersection point on the surPdcc,  the normalized dot
product of x:,and y; is calculated. ‘1’hc  vector x:, best rcprcscnting  1,, is that for which the
dot procluct D1’ has the smatlcst  difference from 1. To represent the pixel si~.c  dcpcndcnt on
the mpography,  the four corner points (6m grid size) of every pixel arc separately calculated.
‘lb prevent changes to the radiomc[ric  characteristics, the original vatuc is selected by an
improved extraction algorithm during the rcsampling  to 1 %n grid siyc, thereby eliminating
the need to in[crpolate the values.
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4. DISCUSSION and OUTLOOK

There arc currently no well-established methods of quamitativcly  assessing the suc-
ccss of a gcocoding process. Visual inspection provides useful information, but cannot be
used to intcrcompare  methods. Statistical results based on residual calculation of single
ground control points allow only a local error aw.essmeu[.

For the discussion, the Rigi  scene is selected bccausc of the more challenging topog-
raphy. l:igure  3 shows bands 13, 18, and 28 of the geocodcd  image ovcdaid by the scanned
forested  areas (green line) and digitized shoreline (blue line). The enlarged areas are sclecuxl
dcpcndcnt on their aspect and slope angle. In general, the results show a good correspond-
ence between the gcocoded image and the map for all exisling  topographical locations, A few
locations show minor miscorrespondcnce.  Tbcsc problems arc almost  al ways restricted to
single pixels and no general tendency can bc recognized. The errors may result  from changes
in rcali[ y bet wccn the time the aerial photographs (which arc the basis for the topographic
maps) were acquired (1987) and the AVIRIS  data acquislion,  and on the fact that maps arc the
rcsul[ of a gcucralization  while AVIRIS displays every occurrence within its resolution char-
acmris[ics,  l:igure  3B demonstrates another problem of the ground rcfcrcncc  information.
While the lower regions of the forested S1OPC correspond perfectly, the AWRIS  image
ex[cnds  significantly the forest area on the upper limits. This “misregistration” is based on the
problcm of the determination of the forest border along the timber line and its representation
in the forest map through symbolic point signatures which are suppressed through the scan-
ning process. 1 ‘igurc  31) and Figure N; portray areas with rapidly changing slope angles. The
blue shoreline proves for subarea (D) and the green forest line for subarea (E) the good c.orTe-
spondcncc.  The additional verification calculates the average deviation of the gcocodcd
image compared with the forest and lake map for checkpoints. 1,ines 1 and 2 of Table 1 indi-
cate the rcsul[s  of this test and confirm the visual validation, No systematic deviation was
found. To double-check the performance of the new parametric approach sccnc Rigi was
gcocockxt using the improved, non-pararnctric rubber-shccl  approach (It ten and Meyer,
1993), Tab]c 2 (line 3) presents the result  for the improved rubber-shcc[ approach and shows
the better performance of the parametric solution. .

Tbc datascts  Zug and especially Kigi need gcoradiomcwic  corrections. Atmospheric
corrections using radiative transfer models like MODTRAN-2a (Circcn ct al., 1993) as WCII
as a compensation for the slope-aspect dependent illumination diffcrcncc  (Meyer C(
al., 1993a)  should complctc  the preprocessing of the sensor, systcm and scene related effects
of the current data set,

‘1’bc whole procedure was implcmcntcd  using the ID]. (Interactive IJata 1.anguagc, a
proprietary programming language, Rcscamh Systcnl Inc., 1993).
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1 ‘igure 1: Overview of the data preparation and core
tasks of [hc geocoding  approach, where x=latitrrdc,
y=]ongitudc,  z=altitude  of the airplane, and c=column
and r=row of the raw tile.

ITigurc  2: Principle oudinc  of tbc observation geome-
try to calculate the transformed pixel location vecmr
where $ =pitch, o =roll, and ~ =true heading, and
x,y,~ dctining  the coordinate axis for the ideal pixel
location vector and x’ ,y’ ,z’ for the transformed pixel
location vector,

1 ;igurc 3 (Slide): (A) shows the composite rcndcrcd  on
the digital elevation model with tags (II-1;)  for the
location of the enlarged subarcm of the horizontal
(non-rendered) composite. (B)-(t~)  show zoom-up (=
factor 5) parts with different aspect and slope angles.

‘Iablc 1: Result of the quantitative effort for the comparison bctwccn  the gcocodcd images and the forest
map with the RMS for the cast-west direction (i) and north-south direction (j) of the digital clcva(ion
model. ‘1’hc  check points used for the non-parametric approach for sccnc Rigi arc a sclcc(ion  from the
entire number of points used for the parametric approach.

No ojcheckpointx RM.Yfor i-dirccfion RMSJorj-dircc[ion

Scene Y,ug (paramckic  approach) 186 0,07 pixel 0.19 pixel

Sccnc  Rigi  (parametric approach) 309 0.12 pixel 0.09 pixel

Sccnc  Rigi  (no-parametric approach) 249 3.S7 pixel 1,37 pixc]


